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Background. Activating mutations in the RET gene leads to medullary thyroid carcinoma (MTC). Guidelines encourage performing
RET analysis in subjects with hereditary and sporadic disease. Materials and Methods. Design. Observational, case series report
study. Patients. Subjects diagnosed with MTC, with a thyroidectomy performed in a single center in Costa Rica between the years
2006 and 2015. Diagnosis and Follow-Up. Pre- and postoperative calcitonin, RET mutation, and neck ultrasound and tomography
were obtained. Results. 21 subjects with histological diagnosis of MTC were followed up. The average age at diagnosis was 52.0 +
15.7 years. The preoperative mean value of calcitonin was 1340 + 665 pg/mL. Evidence of RET mutation was found in 26.3% of
the patients, with only 2 of them grouped in the same kindred. We found statistically significant differences in mean ages between
mutated (38.4 + 20.2 y) versus nonmutated RET gene (54.6 + 11.8y, p = 0.04). There were no significant differences regarding tumor
size, metastases, and surgical reintervention. Conclusions. We report the results of RET mutation analysis in subjects with MTC in
a single center of Costa Rica. The availability of this tool increases the probability of identifying familial MTC, with the benefit of
detecting affected subjects and their relatives at an earlier age.

1. Introduction

Medullary thyroid carcinoma (MTC) is a rare neuroen-
docrine tumor that accounts for only 3% to 5% of all
thyroid gland cancers. However, this neoplastic disorder is
one of the best-characterized solid tumors in terms of its
pathologic, biochemical, molecular, and genetic properties
[1]. Approximately 75% of the cases will present in a sporadic
form and the remainder will show a hereditary pattern [2]. A
germ-line activating mutation in the RET (REarranged during
Transfection) protooncogene is reported in nearly all cases of
hereditary forms of MTC associated with multiple endocrine
neoplasia type 2 (MEN 2), and a somatic RET mutation can
be present in up to 50% of sporadic forms of MTC 3, 4].
The RET gene plays an important role in cell signaling
in neural tissue, especially during the early stages of devel-
opment. Mutations in this gene lead to abnormalities in cell

proliferation and differentiation of tissues that are derived
from neural crest cells. The C-cells of the thyroid and the
chromaffin cells in the adrenal medulla are both affected,
resulting in MTC and pheochromocytoma, respectively [5].
Twenty years ago, the groundbreaking discovery that an
activating RET mutation is present in subjects with MTC
and MEN 2 opened a new chapter in the era of personalized
medicine and genetic association studies [6]. Currently,
screening of the RET gene is widely applied for the detection
of several inherited diseases, not only for the identification of
gene carriers when MTC is diagnosed, but also to serve as a
preclinical diagnosis in their families [7].

According to the American Thyroid Association (ATA),
all MTC cases, whether they are hereditary or sporadic,
should have genetic counseling and direct DNA analysis in
order to detect mutations in the RET allele [8]. If a germ-
line RET mutation is found, the patient’s first-degree relatives
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should be provided with genetic counseling and testing.
Although a change in the genetic sequence of the RET gene
is considered to be the cause of the MEN 2 syndrome, the
mutation must be complemented with the clinical expression
of the disease within a family member. This requires that at
least two affected individuals present with a familial MTC,
MEN 2A or MEN 2B phenotype [9].

Genetic assessments for germ-line RET mutations in
patients with MTC and MEN 2 have assisted endocrinologists
to provide patients, as well as their relatives, with a more
accurate diagnosis. Here we present the first Costa Rican
population report of MTC cases that include a RET mutation
analysis.

2. Materials and Methods

2.1. Patients. In this study we studied a total of 21 subjects
from a single tertiary care center from San José, Costa Rica,
with a diagnosis of MTC, who had a total thyroidectomy.
Patients were surgically treated between the years 2006 and
2015 and molecular blood analysis for RET gene mutation
was performed in 19 of the cases. This study was approved by
the Ethics Committee of Hospital Dr. Rafael Angel Calderén
Guardia.

2.2. Calcitonin Measurement. Plasma calcitonin was mea-
sured by immunoradiometric assay, using the IMMULITE
1000 Immunoassay System (Siemens®, Germany), with a
normal value established as less than 2 pg/mL. Blood samples
were collected before the surgery, in the immediate postop-
erative period, and at least every six months in the follow-up
assessments.

2.3. Screening for RET Mutation, DNA Extraction, and PCR
Amplification. Mutational analysis of RET gene was carried
out by using standard PCR and Sanger sequencing protocols.
Briefly, peripheral blood from MTC patients was collected
and DNA was automatically extracted by using MagNA Pure
2.0 (Roche Diagnostics®, Switzerland) platform. PCR was
performed with a High Fidelity PCR kit (Roche Diagnos-
tics) following protocol according to Jindfichova et al. [10]:
initial denaturation at 95°C for 10 min followed by 40 cycles
(of denaturation at 95°C for 30s, annealing at optimized
temperature (60-68°C) for 30sec, and elongation at 72°C
for 1min) and final elongation at 72°C for 10 min. The
PCR products were evaluated with a Qiaxell system (Qiagen
Company®, Hilden, Germany) and mutations were assessed
through Sanger sequencing in a 3500 Genetic Analyzer (Life
Technologies®, California, United States) by using BigDye 3.1
chemistry.

2.4. Surgical Treatment and Follow-Up. In most of the cases,
the surgical treatment consisted of a total thyroidectomy;
however two patients only underwent lobectomy due to a
prior removal of the contralateral lobe. In the patients where a
fine-needle aspiration (FNA) report documented a medullary
carcinoma, a bilateral dissection of the central neck compart-
ment in conjunction with a removal of the lymph nodes was
performed. If ultrasound evaluation documented suspicious
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metastatic lesions on cervical lateral lymph node compart-
ments, the surgeon performed an ipsilateral neck dissection.
All of the patients were followed up postoperatively for at least
six months at the Endocrinology Unit of our hospital. Follow-
up assessments consisted of clinical examination, calcitonin
measurements, and an ultrasound or CT scan of the neck
when needed.

2.5. Histopathology. Thyroid gland and lymph nodes were
studied using standard histopathological techniques, as well
as immunohistochemical stains for thyroglobulin, synapto-
physin, and calcitonin.

2.6. Statistical Analysis. Statistical analysis was performed
using SPSS statistics software (version 22, SPSS Inc., Chicago,
IL). Continuous variables were described with mean or
median and compared with t-test or Mann-Whitney test
when appropriate. We used Fisher’s exact test for comparisons
of categorical variables frequencies. Values of p < 0.05 were
considered statistically significant.

3. Results

In this series of cases, we included a total of 21 subjects with a
pathologic diagnosis of medullary thyroid carcinoma. Most
of the patients were women (81%, 17/21) and the average
age at diagnosis was 52.0 + 15.7 years. A familial antecedent
of MTC was found only in two cases; nonetheless the rest
of the patients had no clear knowledge of their family dis-
ease records. Remarkably, other diagnoses of RET unrelated
tumors were found in 23.8% (5/21) of the cases, accounting for
a variable tumor origin which was comprised of melanoma,
papillary thyroid, parathyroid, gastric, colorectal, breast, and
basal cell carcinoma.

In the preoperative evaluation, all of the patients under-
went FNA biopsy but only 55% (11/21) of the subjects had
the correct medullary carcinoma diagnosis on the biopsy
report. A follicular neoplasm was the most frequent report,
in 40% (4/10) of the misdiagnosed patients. As a result,
less than half of the cases were assessed with a preoperative
calcitonin measurement. However, of those who were sam-
pled, we estimated a calcitonin mean value of 1340 + 665
pg/mL.

We found a germ-line RET mutation in 26.3% (5/19) of
patients that were evaluated with genetic testing (see Table 1).
Patient 5 was diagnosed with MEN 2B. He first presented
with a medullary thyroid carcinoma and had surgery when
he was 10 years old. During puberty, he developed an
evident marfanoid habitus. After the surgical intervention,
his calcitonin levels remained stable (less than 300 pg/mL).
To date, he has not shown any radiological evidence of recur-
rence and a pheochromocytoma has not been documented.
Alternatively, Patient 2 was diagnosed with MEN 2A. Her
first detected tumor was the MTC at 53 years of age. During
postsurgical follow-up, a left adrenal mass was documented
and confirmed to be a pheochromocytoma after resection.
During her follow-up, she had local, bone, and mediastinal
recurrences of her MTC, requiring multiple surgeries and
radiotherapy.
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TaBLE 1: Characteristics of patients with a positive germ-line RET mutation and MTC.

Patient number ~ Age at dx Exon Codon Amino acid change ATA risk Clinical diagnosis

1 52 14 804 V/M A, moderate Sporadic MTC

2 53 10 611 C/R B, moderate MEN 2A: PHEO and MTC

3 24 13 790 L/F A, moderate FMTC

4 53 13 790 L/F A, moderate FMTC

5 10 16 918 M/T D, highest MEN 2B: marfanoid habitus and MTC

ATA: American Thyroid Association, MTC: medullary thyroid carcinoma, FMTC: familial MTC, MEN 2: multiple endocrine neoplasia type 2, and PHEO:

pheochromocytoma.

Patients with a RET gene mutation were of a statistically
significant younger age at diagnosis (38.4 + 20.2 years), when
compared to patients without these variations (54.6 + 11.8
years) (see Table 2). Metastases affecting cervical lymph
nodes were similar in both groups: 60% (3/5) in the RET
positive group and 57% (8/14) in the RET negative group
(p = 0.66). A surgical reintervention was required in 40%
(2/5) of the patients with the RET mutation compared to
35.7% (5/14) of the patients without these genetic variants
(p = 0.76). There were no statistically significant differences
regarding tumor diameter, frequency of vascular invasion, or
distant metastases, among the groups compared.

4. Discussion

This is the first clinical characterization of patients with MTC
obtained from our center that included a genetic screening.
After the implementation of a RET mutation screening pro-
gram, we were able to identify germ-line mutations in 26.9%
of patients with MTC. This frequency of RET mutations is
similar to data reported in other case series [11, 12]. The
presence of a considerable amount of hereditary tumors
among our patients, in addition to the presence of germ-line
RET mutations in up to 14.9% of patients with sporadic MTC
[13], confirmed the need for a routine genetic screening as
recommended by ATA guidelines.

Patients’ mean age of diagnosis was 52.0 + 15.7 years,
which is similar to what has been reported elsewhere [8].
The proportion of sporadic and hereditary tumors found was
also consistent with other case series [11]. In our sample we
had more women than men, in a ratio of 17 : 4 (F: M), which
is different from what has been previously reported [1, 8].
The ratio of women to men found in this study might be
associated with the fact that women use the Costa Rican
national health system more frequently than men, regardless
of the fact that the access to health services is the same for
both genders [14].

In this study, fine-needle cytology was only accurate
reporting a MTC diagnosis in 55% of the patients. It is
known that MTC has a variable appearance in aspiration
cytology, which often results in a doubtful diagnosis. In
that sense, it is recommended that immunohistochemical
studies (i.e., calcitonin or chromogranin) should be used
in order to improve the cytological evaluation [15]. Since
calcitonin measures were not routinely used it could explain
our high percentage of misdiagnosis of MTC. This results in
an incomplete preoperative assessment without preoperative

calcitonin values, which could lead to possible errors when
choosing the best surgical procedure for the patient. Further-
more, it has been reported that relying on only FNA biopsy in
sporadic MTC cases could negatively impact patient’s initial
surgical management, possibly misguiding towards a total
thyroidectomy instead of a total thyroidectomy plus central
neck dissection procedure when needed [16].

We found that patients who harbored germ-line muta-
tions in their RET gene were, on average, 16 years of age
younger at diagnosis, when compared to those without these
genetic variants. This observation reported here, and in
several other sources [6, 11], could be explained by two
mainstay reasons. First, during the diagnostic process of an
extended screening method for RET germ-line mutations, it
is easier to find patients’ relatives at an earlier age who are
commonly in a preclinical stage of the disease [12]. Second,
the highest risk mutations (Class D, according to the ATA
risk classification) are predominantly present in patients who
manifest the disease during the pediatric age [17].

In our study, we found four different germ-line RET
mutations. According to ATA guidelines [8], one of these
was classified as a “highest risk” mutation in one patient
(M918T) and the rest were considered as “moderate risk”
mutations in four other subjects (V804M and L790F twice
and C611R). MTC aggressiveness is usually related to the
clinical presentation and the type of RET mutation, both
in sporadic and in hereditary forms. Particularly in hered-
itary cases, there is a known association between the RET
mutation, its phenotype, and the prognosis [11]. According
to this, RET mutation may determine when the optimal age
would be to perform surgery on the patient and whether this
procedure may require an extension for lymph node resection
in addition to the thyroidectomy [8]. On the other hand, the
presence of a RET oncogene somatic mutation in sporadic
MTC has been associated with both regional and distant
metastases, with a higher mortality and a larger tumor size
[3].

The presence of germ-line RET mutations points towards
hereditary forms of MTC [18]. However, it was interesting
that Patient 1 had a clinical diagnosis of an apparent sporadic
MTC but was also found to have a germ-line mutation
(V804M), a situation that has been reported elsewhere [19].
This emphasizes the importance of having routine molecular
RET analysis in all MTC patients underscoring the fact that
there is not always enough criteria to differentiate between a
sporadic and a hereditary MTC, even with the clinical presen-
tation, diagnostic laboratory tests, and histologic findings.



Journal of Cancer Epidemiology

TaBLE 2: Comparison of neoplastic behaviors in patients with MTC according to RET mutation status.

RET mutation (n) Positive (5) Negative (14) p

Age at diagnosis (years) 38.4+20.2 54.6 +11.8 0.04
Tumor diameter (cm) 148 +1.1 237 +1.6 0.61
Vascular invasion 20% 28.6% 0.71
Nodal metastases at surgery 60% 57% 0.66
Distant metastases 20% 14% 0.87
Surgical reintervention because of MTC recurrence 40% 35.7% 0.76

RET: REarranged during Transfection. MTC: medullary thyroid carcinoma.

Codon 611 (exon 10) of the RET gene encodes for an
extracellular cysteine-rich domain and is frequently affected
with mutations associated both with hereditary MTC and
with classical MEN 2A [11]. Patients with these mutations
should be screened for familial MTC at 5 years of age and for
hyperparathyroidism and pheochromocytoma starting at 16
years of age [8]. We found a C611R mutation in Patient 2, and
although she was older when she was diagnosed both with the
MTC and with the pheochromocytoma, this mutation still
correlated with the typically reported aggressive biological
behavior described [11]. Her case showed evidence of distant
metastases in bone, mediastinum, and an extensive lymph
node compromise.

Patients 3 and 4 were a mother and daughter who both
harbored a L790F mutation. They also had a lesion confined
to the thyroid gland but none presented with metastases
during follow-up. Given the fact that genetic variants in
codon 790 are known to have incomplete penetrance [20],
patients with this particular mutation could not develop
a MTC. Although both of them had the same mutation,
the daughter had earlier manifestations and was therefore
assessed and diagnosed soon after her mother was treated.

Subjects with MEN 2B have either MTC or C-cell hyper-
plasia with typical phenotypic features such as marfanoid
body habitus, mucosal neuroma, and intestinal ganglioneuro-
matosis, with or without PHEO [9]. Previous large published
series have reported a low frequency of MTC related to
MEN 2B syndrome, finding only 6.7% of CMT cases in 38
years of experience [21]. In our sample, only Patient 5 was
diagnosed with the M918T point germinal mutation on exon
16 of the RET gene. He had a surgical intervention at 10
years of age and has not shown recurrence of MTC after 18
years of follow-up. Similarly, the majority of MEN 2B patients
presented clinical manifestations in the second decade of life
and needed to have a total thyroidectomy when they were
initially diagnosed [8]. Particularly in this patient, the same
mutation was not detected in his mother nor had a history
of medullary carcinoma been detected in his paternal or
maternal relatives, suggesting that this mutation occurred de
novo, which is a relatively common finding, as approximately
75% of MEN 2B patients have de novo RET mutations [22].

The experience over time with RET germ-line mutations
has also been applied to the analysis of somatic mutations
in MTC tissue samples [23]. This has been a growing field
in recent years being a feasible test that can be performed
in patients (like the 28.6% (4/14) of our sample) who did

not harbor a germ-line RET mutation but developed distant
metastases or recurrences that are not completely resectable.
No specific recommendations have been provided by cur-
rent guidelines regarding the need to investigate somatic
mutations in sporadic MTC. However, the evidence on this
topic is increasing and is particularly important in aggressive
metastatic tumors. A recent publication concerning RET,
RAS, TP53, BRAE, AKT, or PIK3C somatic mutation testing
in 70 cases of advanced and metastatic CMT showed a
somatic mutation in 91.4% of the cases assessed. Among the
mutated cases, RET mutations (mainly M918T) were highly
prevalent. However, in a sufficient number of cases, more
than one RET somatic mutation could be found in the same
tumorous tissue, and the subjects with these characteristics
were associated with a worse outcome [24].

Reference centers now have long experience in RET
mutations screening and, after 20 years, some relevant find-
ings have been published. Although it is not possible to
estimate the real prevalence of these mutations, we have a
clear idea of the distribution regarding the most frequent
genetic defects related to familiar MTC, with the V804M
point mutation being the most common identified variation
[17]. Additionally, besides the impact that this type of genetic
evaluation may have on the patients themselves, it is of
paramount importance that relatives are screened in order to
identify mutated and nonmutated family members. This may
give their caring physicians the ability to definitively discrim-
inate patients who should start a clinical and biochemical
evaluation program from those who should not, especially
in those cases where prognosis would change with an early
treatment. This early diagnosis and intervention can increase
the possibility for these patients to be definitively cured
(17].

This case series report has several limitations. First, it
was carried out in a single center and we had a small
number of subjects. One reason for this issue was that part
of the oncologic group of physicians was not aware of the
genetic screening of patients with MTC; therefore many
of these patients were not included in the trial initially
because they did not have molecular evaluation. Second,
because the assessments of the patients were not standardized
according to their RET mutation profile, we have incomplete
data regarding preoperative and postoperative follow-up
evaluations. Especially concerning was the lack of data from
key laboratory studies (i.e., calcitonin) that were not obtained
from our patients.
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5. Conclusions

We reported the first clinical characterization of patients
with MTC with their respective RET mutation status, from
a single center in Costa Rica. We were also able to identify
the most prevalent RET mutations, in our small group of
patients. A germ-line RET mutation was found in 26% of
the subjects. Patients with these mutations had a younger
age at diagnosis; however, we could not establish significant
differences regarding the biologic behavior of the tumors,
when compared to patients without these variants. We know
this is the first step towards establishing a better clinical MTC
evaluation in our center, following ATA guidelines. We also
know that routine genetic testing of MTC patients will help
us assess the risk for subjects and their relatives for MTC
related diseases. This should result in a higher probability
of identifying new familial MTC, as part of MEN 2, and,
even more importantly, providing an earlier diagnosis to
asymptomatic subjects.

Competing Interests

The authors declare that they have no conflict of interests.

Acknowledgments

The authors would like to thank Jesse Gaboury for his contri-
bution to the editing and proofreading of this manuscript.

References

(1] M. L. Hu, A. K. Ying, and C. Jimenez, “Update on medullary
thyroid cancer,” Endocrinology and Metabolism Clinics of North
America, vol. 43, no. 2, pp. 423-442, 2014.

[2] J. Hadoux, E. Pacini, R. M. Tuttle, and M. Schlumberger, “Man-
agement of advanced medullary thyroid cancer,” The Lancet
Diabetes & Endocrinology, vol. 4, no. 1, pp. 64-71, 2016.

[3] R. Elisei, B. Cosci, C. Romei et al., “Prognostic significance
of somatic RET oncogene mutations in sporadic medullary
thyroid cancer: a 10-year follow-up study, The Journal of
Clinical Endocrinology & Metabolism, vol. 93, no. 3, pp. 682
688, 2008.

[4] E Pacini, M. G. Castagna, C. Cipri, and M. Schlumberger,
“Medullary thyroid carcinoma,” Clinical Oncology, vol. 22, no.
6, pp. 475-485, 2010.

[5] B. A.J. Ponder, “The phenotypes associated with RET mutations
in the multiple endocrine neoplasia type 2 syndrome,” Cancer
Research, vol. 59, no. 7, pp. 1736-1742, 1999.

[6] A. Machens, K. Lorenz, S. Sekulla et al., “Molecular epi-
demiology of multiple endocrine neoplasia 2: implications for
RET screening in the new millennium,” European Journal of
Endocrinology, vol. 168, no. 3, pp. 307-314, 2013.

[7] H.-L. Sarika, A. Papathoma, M. Garofalaki et al., “Genetic

screening of patients with medullary thyroid cancer in a referral

center in Greece during the past two decades,” European Journal

of Endocrinology, vol. 172, no. 4, pp. 501-509, 2015.

S. A. Wells, S. L. Asa, H. Dralle et al., “Revised American thyroid

association guidelines for the management of medullary thyroid

carcinoma the American thyroid association guidelines task

[8

[10

(11

(12]

(14

(15

(16]

(18]

(20]

(21]

[22]

force on medullary thyroid carcinoma,” Thyroid, vol. 25, no. 6,
pp. 567-610, 2015.

G. Conzo, L. Circelli, D. Pasquali et al., “Lessons to be learned
from the clinical management of a MEN 2A patient bearing
a novel 634/640/700 mutation of the RET proto-oncogene,”
Clinical Endocrinology, vol. 77, no. 6, pp. 934-936, 2012.

S. Jindfichovd, J. VEeldk, P. VI¢ek, M. Neradilova, J. Némec, and
B. Bendlovd, “Screening of six risk exons of the RET proto-
oncogene in families with medullary thyroid carcinoma in the
Czech Republic,” Journal of Endocrinology, vol. 183, no. 2, pp.
257-265, 2004.

G. Figlioli, S. Landi, C. Romei, R. Elisei, and F. Gemignani,
“Medullary thyroid carcinoma (MTC) and RET proto-onco-
gene: mutation spectrum in the familial cases and a meta-
analysis of studies on the sporadic form,” Mutation Research,
vol. 752, no. 1, pp. 36-44, 2013.

A. Zupan and D. Glava¢, “The development of rapid and
accurate screening test for RET hotspot somatic and germline
mutations in MEN2 syndromes,” Experimental and Molecular
Pathology, vol. 99, no. 3, pp. 416-425, 2015.

M. Kihara, A. Miyauchi, K. Yoshioka et al., “Germline RET
mutation carriers in Japanese patients with apparently sporadic
medullary thyroid carcinoma: a single institution experience,”
Auris Nasus Larynx, vol. 43, no. 5, pp. 551-555, 2016.

A. Morice and M. Achio, “Tendencias, costos y desafios para la
atencion de las enfermedades crénicas en Costa Rica,” Revistas
de Ciencias Administrativas y Financieras de la Seguridad Social,
vol. 11, no. 1, pp. 18-34, 2003.

P. Trimboli, L. Guidobaldi, M. Bongiovanni, A. Crescenzi,
M. Alevizaki, and L. Giovanella, “Use of fine-needle aspirate
calcitonin to detect medullary thyroid carcinoma: a systematic
review;” Diagnostic Cytopathology, vol. 44, no. 1, pp. 45-51, 2016.

G. Essig, K. Porter, D. Schneider et al., “Fine needle aspiration
and medullary thyroid carcinoma: the risk of inadequate preop-
erative evaluation and initial surgery when relying upon FNAB
cytology alone,” Endocrine Practice, vol. 19, no. 6, pp. 920-927,
2013.

C. Romei, A. Tacito, E. Molinaro et al., “Twenty years of lesson
learning: how does the RET genetic screening test impact the
clinical management of medullary thyroid cancer?” Clinical
Endocrinology, vol. 82, no. 6, pp. 892-899, 2015.

G. W. Krampitz and J. A. Norton, “RET gene mutations
(genotype and phenotype) of multiple endocrine neoplasia type
2 and familial medullary thyroid carcinoma,” Cancer, vol. 120,
no. 13, pp. 1920-1931, 2014.

A. Taccaliti, E. Silvetti, G. Palmonella, and M. Boscaro, “Genetic
alterations in medullary thyroid cancer: diagnostic and prog-
nostic markers,” Current Genomics, vol. 12, no. 8, pp. 618-625,
2011.

G. Fitze, M. Schierz, J. Bredow, H. D. Saeger, D. Roesner, and H.
K. Schackert, “Various penetrance of familial medullary thyroid
carcinoma in patients with RET protooncogene codon 790/791
germline mutations,” Annals of Surgery, vol. 236, no. 5, pp. 570-
575, 2002.

E. Kebebew, P. H. G. Ttuarte, A. E. Siperstein, Q.-Y. Duh, and
O. H. Clark, “Medullary thyroid carcinoma: clinical characteris-
tics, treatment, prognostic factors, and a comparison of staging
systems,” Cancer, vol. 88, no. 5, pp. 1139-1148, 2000.

J. Wang, B. Zhang, W. Liu et al., “Screening of RET gene muta-
tions in Chinese patients with medullary thyroid carcinoma and
their relatives,” Familial Cancer, vol. 15, no. 1, pp. 99-104, 2016.



Journal of Cancer Epidemiology

[23] C. Mian, G. Pennelli, S. Barollo et al., “Combined RET and
Ki-67 assessment in sporadic medullary thyroid carcinoma: a
useful tool for patient risk stratification,” European Journal of
Endocrinology, vol. 164, no. 6, pp. 971-976, 2011.

[24] C. Romei, E Casella, A. Tacito et al., “New insights in the
molecular signature of advanced medullary thyroid cancer:
evidence of a bad outcome of cases with double RET mutations,”
Journal of Medical Genetics, vol. 53, no. 11, pp. 729-734, 2016.



